The X-ray absorption spectra of the reference and model compounds HgCl 2 , PhHgCl, PhHgOAc 
Introduction.
Grdenic and Zado showed many years ago that "methyl mercury hydroxide" does not exist as such, but is better formulated as [(MeHg) 3 6 .
On the other hand Green 7 assigns up to three IR bands as Hg-O stretches for the material known as PhHgOH, which is inconsistent with isolated molecules, so the true nature of PhHgOH is still unknown. Similarly the actual forms of the long-known "basic phenyl mercury salts" (PhHgOH.PhHgX) (X = NO 3 -, BF 4 -, CO 3 2-, SO 4 2-etc) are not well established. In an earlier X-ray crystallographic study we showed that the basic tetrafluoroborate contained the [(PhHg) 2 OH] + cation 8 and Grdenic found the same species in a related nitrate 9 . No evidence for the tris(phenylmercury)oxonium cation, corresponding to the methyl analogue, was found in these earlier studies. Characterisation of these species by X-ray diffraction has so far been limited by the difficulty in obtaining suitable single crystals. The compounds generally form as powders or extremely thin crystals.
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We now report the results of an X-ray absorption spectroscopy examination of PhHgOH and of some basic phenyl mercury salts, together with suitable model compounds. Previous Hg XAS publications include a study of the structure and solvation of HgX 2 (X = Cl, Br, CN) 10 , and an examination of intercalation of HgX 2 in high-T c superconducting lattices 11 ; these provide a useful basis for the interpretation of the present results. We also describe electrospray mass spectrometric (ESMS) examination of aqueous solutions of PhHgOH at different pH´s.
Experimental.
The compounds PhHgOH, (PhHg) 2 filtration (0.50 g, 44%), and were identified by comparison of the X-ray diffraction pattern with that of an authentic sample 8 .
X-ray Absorption Data Collection.
XAS data were collected using the facilities of the Daresbury Laboratory SRS, UK, and the Swiss-Norwegian Beamline (SNBL) at the European Synchrotron Radiation Facility (ESRF), Grenoble, France. Spectra were measured at the mercury L III -edge ( = 1.0094 Å; energy = 12 282 eV) in the transmission mode on stations 7.1 (Daresbury) and EH1 (SNBL-ESRF) .
At Daresbury the average beam current was 200 mA at 2.0 GeV. Station 7.1 is equipped with an order-sorting silicon(111) monochromator that was offset to 50% of the rocking curve for harmonic rejection. An unfocussed beam of dimensions 0.8 mm vertically and 10 mm horizontally was used. Gas ion chambers were used to detect the intensities of the incident and transmitted Xrays. The first ion chamber was filled with Ar at partial pressure 156 Torr and the second ion chamber with Xe at atmospheric pressure. These gases account for 20% and 80% absorption, Energy calibrations were effected by regularly measuring the spectrum of HgCl 2 (thickness corresponding to 1.5 absorption lengths). This compound was chosen to be the reference because the energy of the first deflection (assigned to 12 282 eV) has been defined as the L III edge 10 .
Reference data were measured prior to each data collection because accurate calibrations are particularly important for the pre-edge and XANES regions where the need for comparisons between the different spectra make it necessary to define the absolute energies of the spectral features. For the EXAFS the energy is relative to the individual edges which are therefore defined as zero. The XAS of (PhHg) 2 
EXAFS Data Analysis
The data were corrected for dark currents, converted to k-space, summed and background subtracted to yield the EXAFS function obs i (k) using the EXCALIB and EXBACK programs 15 .
Model fitting was carried out with EXCURV90 using curved-wave theory and ab initio phase shifts 15 . The edge positions were determined from the first inflection points of the derivative spectra. The phase shifts experienced by the photoelectron, the amplitude of the backscattering and the electron mean free path were calculated from within EXCURV90 using spherical wave theory and a single scattering model but with multiple scattering pathways for the phenylcarbon atoms and the Hg-O-Hg fragments. The spectra were Fourier transformed using phase-shifts calculated for the first atom shell to give the radial distribution function.
The known structures of the model compounds PhHgCl, PhHgOAc, and 16, 17, 8] were used to check the validity of the ab initio phase shifts and amplitudes for mercury, oxygen and carbon backscatterers and to establish the general parameters, AFAC (proportion of absorption causing EXAFS) and VPI (allows for inelastic scattering of the photoelectron) 15 . During least squares fitting it is important to avoid correlation between the parameters which strongly affect the EXAFS amplitude and between those that influence the frequency of the EXAFS oscillations. Therefore, the EXAFS spectra were least squares fitted using k 1 and k 3 weighted data because, as has been shown 18 , optimising the k 1 and k 3
weighted fits reduces the degree of coupling between the two highly correlated sets of parameters (N , AFAC, 2 2 and r, E 0 ) giving a solution common to both weighting schemes, where N is the multiplicity, 2 2 the Debye-Waller type factor, r the distance and E 0 the magnitude of the photoelectron energy at zero wave vector). The values for AFAC and VPI used were 0.72 and -4.00, respectively.
The k 3 weighting scheme used in the refinement compensates for the diminishing photoelectron wave at higher k. The curve-fitting was performed on data that had been Fourier filtered over a wide range (1.0 -25.0 Å). This filter removes low-frequency contributions to the EXAFS below 1 Å, but does not smooth the spectrum (i.e. the noise is not removed). This procedure must not be used to correct for unsatisfactory background subtraction. All of the spectra were treated in exactly the same manner and the validity of the data reduction and fitting procedures was checked against the spectra of the reference compounds. The data were analysed over the range k = 3.0-14.0 Å -1 , and the refinement carried out to minimise the fit index (FI):
i where i exp and i calc are the experimental and theoretical EXAFS respectively 15 .
Results and discussion
Electrospray mass spectrometry. 
X-ray Absorption Spectroscopy.
Depending on the element, the pre-edge region of an X-ray absorption spectrum sometimes contains features of structural or electronic interest. Thus, features close to the absorption edge often can be assigned to electronic transitions from 1s or 2p orbitals (K-or L-edges, respectively) to higher bound states, the energies of which lie within the discrete part of the spectrum and give information about the valence state of the absorbing atom and its geometry. The edge itself defines 8 the threshold ionisation energy, above which lies the continuum with oscillations (XANES and EXAFS) superimposed on a smoothly varying background of photoelectron energy. These oscillations, or fine structure, reflect the electronic and geometric characteristics of the molecular environment of the chosen atom. In this paper, we use the discrete part of the spectra (pre-edge features) to establish the local geometry about the mercury(II) atoms, and the EXAFS region to extract distances.
The present study examined three compounds of known structure (HgCl 2 , PhHgCl and PhHgOAc) to provide a series leading from the previously examined 10 HgCl 2 to a sample with the C,O-coordination assumed for the rest of the samples. These served to validate the general analysis of the X-ray absorption spectra. Each of the XANES spectra exhibits an intense pre-edge peak at about 12283 eV. The high intensities of these peaks are consistent with an allowed electric-dipole transition. This, together with the energies, indicates that 2p 6s(Hg) and 2p ligand orbitals are possible assignments 10, 11 . In the case of copper(I) compounds at the K-edge, the intensity of the pre-edge peak is connected to the 1s 4p transitions often observed for transition metal compounds 19, 20 .
With one notable exception, linear two-coordinate copper(I) compounds exhibit higher intensities than three-and four-coordinate systems 21 . Although the selection rules are different for K-edges it has been suggested that mercury(II) follows the same pattern, namely that the intensity of the 12 283 eV peak decreases in the order linear>tetrahedral>octahedral 10, 11 .
From this it is evident that the high intensities of the pre-edge peaks of all of the present compounds are characteristic of linearly coordinated mercury(II) atoms. The pre-edge peaks for the chlorine-containing compounds HgCl 2 and PhHgCl are at slightly lower energies than the corresponding peaks for the other compounds.
The first derivatives of the edge regions are useful for highlighting characteristic features (including any pre-edge features) and for more accurately establishing the transition energies 22 .
The diagrams in Fig 3 clearly show that the metal atoms in all of the aryl-mercury compounds are in very similar environments. The first-derivative spectra of HgCl 2 and of PhHgCl are quite symmetric but the C,O-bonded examples are less symmetrical and consistently show a small but significant splitting of the higher energy feature. Similar splitting has been previously noted for Hg(CN) 2 , but no definite assignment was given 10 .
The data in this region is limited largely to confirming that all of the compounds examined 
EXAFS Analysis
It is essential to identify the maximum number of independent parameters, N ind , that may be varied in the EXAFS analysis to give meaningful results. This is given by N ind = 2 k R/ where k is the extent of the data in k-space and R the range of distance being modelled 24 . For these analyses the maximum value corresponds to k = 3 -14 Å addition of successive shells was tested for significance using the procedure of Joyner et al 26 .
The k 3 -weighted experimental and least-squares fitted EXAFS spectra of the aryl-mercury(II)
compounds with the models/references are shown in Fig. 4 ; the corresponding Fourier transforms are shown in Fig. 5 . The results of the least-squares fittings are contained in Table 1 This compound was re-examined to provide a link to the earlier study 10 . A good fit was obtained using two Cl atoms at 2.29 Å. This compares with average Hg-Cl distances of 2.283 Å in the solid state structure determined by X-ray crystallography 27 , and is identical to the value found in the previous EXAFS study 10 . The Debye-Waller factors also agree with those of the earlier study, and have the low values that appear to be associated with heavy atom compounds 10, 28 .
PhHgCl.
This is a known structure, though the X-ray crystallography study was complicated by disorder of the phenyl rings 16 . The EXAFS results were readily modelled using one C at 2.05 Å (ipso-C), one Cl at 2.33 Å and two C atoms (ortho-C's) at 2.97 Å, which compares with crystallographic distances of 2.07, 2.33 and 3.00 Å respectively 16 . This shows that the EXAFS results for organomercury compounds do provide reliable parameters. In the crystal structure there are neighbouring Hg atoms at 4.3 and 4.6 Å, but the EXAFS FT trace shows little contribution from these so they were not included.
PhHgOAc.
This was a model compound for C,O-bonded mercury. The X-ray crystal structure 17 shows the immediate environment at Hg consists of a C atom at 2.04 and an O atom at 2.08 Å. Since these were too similar to be distinguished by EXAFS they were included as two "average" N atoms, and refined to a distance of 2.05 Å, together with two ortho-C atoms at 2.94 Å. The shortest intermolecular distances are two Hg…O's and an Hg…C around 2.81 Å so these were also included to
give a good fit to the data. The X-ray crystal structure shows a number of additional intermolecular Inclusion of these gave an excellent overall fit, but these longer range species would have been difficult to deduce in the absence of X-ray crystallography data.
[(PhHg) 2 OH][BF 4 ].H 2 O.
This known structure 8 was expected to provide a good model for the other basic salts (see below). The EXAFS data were initially analysed using two "nitrogen" atoms at 2.05 Å and two carbon atoms at 3.05 Å (corresponding to ortho-C's at 2.92 and 3.02 Å), and Hg...F interactions at 2.84 (x2) and 3.18 Å, close to those found in the crystal structure 8 . The data were also fitted to a model in which the composite two in-phase "nitrogen" atoms were split into their ipso-carbon and oxygen components. A slightly better fit (R = 21.8% vs 23.7%) was obtained with carbon and oxygen distances of 2.00 and 2.06 Å, respectively. However the composite model was retained because the differences between these distances is less than the smallest separation of shells that can be resolved (see above). The Fourier transform of the difference spectrum showed that the strongest remaining feature was a peak at ca 3.6 Å which clearly corresponds to the intramolecular Hg...Hg of 3.64 Å in the crystal structure, the full refinement exactly matching the crystallographic value. EXAFS does not directly provide angular information, but in this case the Hg-O-Hg angle can be readily calculated from the Hg-O and Hg…Hg distances to be 125°, which is in complete agreement with the X-ray crystallographic value of 126°. The concordance between the crystallographic and EXAFS results for this example lend support for the reliability of the parameters derived below for the compounds of previously unknown structure.
(PhHg) 2 O.
The structure of this compound is unknown, but chemical evidence suggests it is a discrete molecular species 5 . This is supported by an X-ray crystal structure determination of 
PhHgOH.
As discussed in the introduction, the solid state structure of this is unknown. Several models were used to try to fit the EXAFS data, but the only viable one (which gave an excellent fit) was based on the [(PhHg) 2 An unpublished X-ray crystal structure 9 The two ortho carbon atoms were included at 2.99 Å as in the tetrafluoroborate model and it was also necessary to add extra oxygen atoms at 2.76 and 3.06 Å, which presumably represent mercury(II) interactions with adjacent nitrate anions (cf the Hg…F interaction found in the X-ray crystal structure of the tetrafluoroborate described above and included in the EXAFS simulation).
The remaining feature in the basic nitrate arises from the nearest Hg neighbour at 3.76 Å, and these all combined to give an excellent fit, based on a [(PhHg) 2 
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This compound has an unknown structure. It may in fact have more than one crystalline form, given the markedly disparate melting points found in an earlier study 12 (270-280°C) and in our study (152-158°C) for ostensibly the same compound. This compound differs from the others examined in this study in that it contains a 2-anion and hence has a different stoichiometry. Two structures were examined, the first being the bis-oxonium cation [(PhHg) 2 This is consistent with the asymmetry of the dominant peak at ca 2.0 Å, and with the suggestion of several Hg…Hg interactions around 4.0 Å. Because of this complexity and the limitations on the number of parameters that can be validly refined, further attempts at fitting this spectrum were not undertaken.
Conclusions.
XAS provides reliable information for aryl-mercury compounds when single crystal samples cannot be obtained. The series examined in the present studies show that the Ph-Hg-O fragment is readily modelled using the O and ipso-C (combined and included as average N atoms when not resolved), and two ortho-C atoms. This grouping varies little, and can be subtracted from the total spectrum to highlight additional scattering atoms. This allows neighbouring Hg atoms to be readily identified as dominating second-shell contributions, and hence the extended geometry can be deduced.
In this way (PhHg) 2 espectively. This suggests some flexibility, possibly affected by longer range interactions of the Hg atoms with the counter-ions. The internal consistency of the results lends credence to the analysis of these structures using EXAFS, and we note that corresponding studies on other heavyatom species have recently been reported for gold 28 Normalised Hg L III -edge XANES of the samples and reference/model compounds. Table ) . 
Graphical Contents Entry:
In the solid-state, PhHgOH and basic phenyl-mercury salts PhHgOH.PhHgX contain the [(PhHg) 2 OH] + cation, as deduced using XANES and EXAFS methods.
